Visualization of sequential exocytosis in rat pancreatic islet beta cells.
The examination of insulin exocytosis at the single cell level by conventional electrophysiologic and amperometric methods possesses inherent limitations, and may not accurately reflect the morphologic events of exocytosis of the insulin granule. To overcome some of these limitations, we show by epifluorescent microscopy of a fluorescent dye, FM1-43, its incorporation into the plasma membrane and oncoming insulin granules undergoing exocytosis, and their core proteins. Using this method, we tracked exocytosis in real-time in insulinoma INS-1 and single rat islet beta cells in response to KCl and glucose. We observed both single transient and multi-stepwise increases in membrane FM1-43 fluorescence, suggesting single granule exocytosis as well as sequential and compound exocytosis, respectively. Confocal microscopy of nonpermeabilized cells shows that some of the exocytosed insulin granules labeled by the FM1-43 dye could also be labeled with insulin antibodies, suggesting prolonged openings of the fusion pores and slow dissolution of the granule core proteins on the membrane surface.